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ABSTRACT 
Outcrop and test hole data for 225 sites in a 33,700-k..:Z area of 
southwestern North Dakota were examined. Seven sedimentation intervals 
were identified for the Paleocene Bullion Creek and Sentinel Butte 
Formations. The intervals extend from the top of the Harmon coal (lower 
Bullion Creek) to the top of the Twin Buttes coal (upper Sentinel 
Butte). Each interval consists of medium and fine elastics underlying a 
persistent lignite coal, or some other lithology at the stratigraphic 
position of the coal. Clastics are finer-grained upwards within inter-
vals and within both formations to the upper Sentinel Butte. 
Sand-~ich zones align northwest-southeast, parallel to the axis 
of the Williston Basin. Southwest of the axis, clay and silt dominate, 
and coal beds are few but thick; to the northeast, fine sand and silt 
dominate, and coal beds are many but thin. 
The Williston Basin received sediments whenever the Powder River 
Basin fluvial system episodically diverted between the Cedar Creek and 
Nesson Anticlines. Flow was initially southeasterly along the axis of 
the basin, beginning each new sedimentation interval. Northwest-
southeast-trending sandy belts resulted, and thick, single-bedded coals 
formed southwest of the axis. As sediments accumulated, the base level 
migrated north, forcing the system to flow easterly to northeasterly, 
down regional paleoslope. Diffuse, distributary-like sandy belts 
resulted, and thin coals, in multiple beds, formed northeast of the 
axis. Finally, sediment accumulation choked the diversion, and only a 
small amount of sediment entered the area. Fine and limy elastics and 
capping coals were deposited at the top of the interval. 
During Bullion Creek time, the basin axis plunged southeast and 
the basin depocenter was south of Billings County, near what is now the 
southern edge of the basin. Anticlines in Billings County were not 
actively rising during Bullion Creek time. During Sentinel Butte time, 
the anticlines rose, but at less than the rate of basin subsidence, The 
depocenter migrated northeast to east of Billings County. After Senti-
nel Butte time, the southern end of the basin rose, producing the pre-
sent subcircular southern margin and reversing the plunge of the basin 
axis to its present direction. The depocenter moved northwest to its 
present position north of Billings County. 
INTRODUCTION 
General 
Statement of the Problem 
The Paleoeene lignite-bearing strata of the Williston Basin of 
North Dakota have been mined for coal for several decades. Because of 
recent energy crises, the demand for this resource has expanded. New, 
large and complex plants for the eonversion of lignite coal to elee-
trieity, synthetic gas and fertilizer are being planned and construeted 
(Figure 1), 
To support this industrial capacity, coal is being mined from 
larger mines than in the past. Efficient mine operation depends on a 
good understanding of the geological, hydrological and engineering 
characteristics of the strata being mined. Effective reclamation of the 
land surface, as well as preservation of groundwater quality and quan-
tity, are similarly dependent on thorough geologieal information (Moran, 
Groenewold and Cherry 1978; Groenewold and others 1979; Winczewski 1977; 
Groenewold, Rehm and Cherry 1981). 
The need for quality geological information extends beyond the 
mining operation. Efficient operation of the new, p;;n'ts is dependent on 
,/ 
the quality of coal being burned, Noxious contaminants in the ash ap-
pear to vary with the the geology of the strata being mined (Groenewold 
1981). The resulting ash presents disposal problems (Groenewold and 











~ ~ -=--' -==~ "' ~~ 
l:S9 « "ll -= . ~ 
~ w ~~~a-,· .. , Mo O ,_ ., . .r- L: ... · /·~~ 
~ • (jJ/IVJII 
",,.·~ ~© ~:, ~ t!1 \ .. 
. . ' 
6:) • "· 
~ 
~ = = '3 
~ 
§ 
~ = .(, . .,_ ~






@!) Slrippobll liQnlta dlpOlill 
~ 
Area of knOwn. but Ila wtH 
dtfintd liQnite: dt!4)05itt 
:::I Umltollill"ift~IIIWI 
• Eli&tin9 "911ile •trip """" 
O "'-IQniteslril>mint 
~ ExiolklQ_ic_plOnl 
.& ....... - • .,--rt "- coalpifl<•lliOo-
11 OOlor facWtr Uli>,lnQ tiQ!llto 
c ,., 1" rmas ( 
Figure 1. Coal resources and applications in western North Dakota, 
From Gerhard and others (in press); modified from Groenewold (1979), 
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The effective mining and use of the coal, therefore, is depen-
dent upon understanding several geological conditions. The variability 
of these conditions ist in turn, a function of the original depositional 
environments of the coal-bearing strata and the geologic processes sub-
sequently acting on them. 
Purpose 
The purpose of this study was to determine and explain the dis-
tributions of lithologies within the nonmarine Paleocene coal-bearing 
sediments of the Williston Basin in southwestern North Dakota. Objec-
tives included: 
1. using cross sections to correlate major coal beds and de-
fine mapping intervals consisting of the majo~ coal(s) and associated 
elastics as disc,rete sedimenta,tion uni ts; 
2. using the dominant lithologies of each interv.;_i>'f; define 
and map generalized depositional environments; 
3. developing models to explain the distributions of deposi-
tional environments relative to modern or ancient basin structures; and 
4. describing the Paleocene geologic history of the study area 
in light of these interpretations. 
Study Area 
The study area is in the southwestern quarter of North Dakota. 
Adequate data were available for approximately 33,700 km2 (13,000 square 
miles) of the area shown in Figure 2. Data points are widely spaced 
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over some parts of the area, but control wa~ adequate for evaluation of 
broad patterns on the scale of tens of kilometers, the scale of signif-
icant geological structures. The area includes parts of important basin 
structures and mueh of the identified coal resources of North Dakota 
(Figure 3), 
Stratigraphic Interval of Study 
The stratigraphic interval of study includes most of the Bullion 
Creek and Sentinel Butte Formations (Figure 4). It extends from the top 
of the Harmon coal (lower Bullion Creek) to the top of the Twin Buttes 
eoal (upper Sentinel Butte). Figure 5 shows the outcrop and subcrop 
areas of these formations~ 
Previous Work 
Stratigraphic Studies 
The nomenclature of Late Cretaceous and Early Tertiary strata of 
the Williston Basin has a complex history. Royse (1967) summarized the 
history of the Tongue River (Bullion Creek) and Sentinel Butte For-
mations. The history is updated here to include subsequent changes and 
expanded to include the history for preceding and succeeding formations. 
The stratigraphic,section reviewed here extends from the top of 
the Pierre Forma~ion, a Cretaceous marine shale, to an unconformity at 
the,base of the Oligocene White River Group. The history of nomencla-
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Prior to 1862, the Early Tertiary strata were called the "Lig-
nite (Lignitic) Group", The lowest strata contained Cretaceous fossils 
and the uppermost were considered equivalent to the Eocene Wasatch 
Formation. Meek and Hayden (1862) named the interval the Fort Union 
Group. Today, much of the interval is sometimes indiscriminately called 
"Fort Union", a usage that should be avoided. 
Weed (1893) divided the Fort Union near Livingston, Montana, 
into uppermost Fort Union (below the Wasatch), middle "Livingston beds", 
and lower "Laramie beds". !he last were probably equivalent to the 
"Laramie" of King 0876). 
The Livingston and Laramie beds were identifed, in part, as Cre-
taceous. These beds were later divided into L;mt::;e Creek beds atop Fox 
Hills beds (Hatcher 1903; Stone and Calvert 1910);. In South Dakota, the 
Lance was divided into the Ludlow Lignitic Member and the Cannonball 
Member (Lloyd and Hares 1915; Winchester and others 1916), Later, the 
Mesozoic-Tertiary boundary was better defined within the Lance. The 
Cannonball and Ludlow Members were assigned to the Tertiary; the under-
lying Cretaceous strata were named the Hell Creek Member (Thom and 
Dobbin 1924; Hares 1928; Brown 1939). 
The name 0 Tongue River" arose from a subdivision of the Fort 
Union at the Sheridan coal field in Wyoming (Taff 1909). The name 
"Sentinel Butte" was applied by Leonard (1908) to an upper Fort Union 
coal group in western North Dakota. He defined an underlying Medora 
group in the same publication. Both were considered Eocene; the Paleo-
cene was not formally recognized by the U. S. Geological Survey as an 
epoch-series term until 1939 (Royse 1967). 
The stratigraphic interval of the study is included in the Fort 
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Union Formation, consisting of the Sentinel Butte and Tongue River Mem-
bers (Hares 1928; Wilmarth 1938). This usage is current with the U.S. 
Geological Survey. 
The North Dakota Geological Survey recognized several strati-
graphic units defined since 1938. Dorf (1940) elevated the Fort Union 
to group rankt consisting of four formations: afl'~nnamed uppermost 
\ 
formation, Tongue River, Cannonball and Ludlow. The rt-~me 0 Lancen was 
' ' suppressed. Shortly thereafter, the Hell Creek was raised to formation 
rank, and Lance was also dropped in North Dakota (Laird and Mitchell 
1942; Benson and Laird 1947). 
Using tenuous correlations with strata of the Big Horn Basin, 
Brown (1948) concluded that Leonard's (1908) Sentinel Butte Shale was 
older than the Wasatch Formation, which is now considered Eocene, He 
assigned the Sentinel Butte to the Paleocene. This was subsequently 
upheld by fossil evidence (Brown 1962). 
By the 1960s, the Tongue River Formation had been interpreted to 
consist of an informal upper Sentinel Butte member and a lower unnamed 
member (Crawford 1967). Royse (1967) defined the contact between the 
two members and raised them to formation rank within the Fort Union 
Group. The lower formation retained the name of Tongue River, 
A distinct color difference occurs at the contact between the 
two formations. The Bullion Creek Formation is yellowish; the Sentinel 
Butte Formation is somber gray. The contact has been traced to surface 
exposures outside the area of good exposures in southwestern North 
Dakota, where Royse defined it (Barclay 1970, 1971; Carlson 1972; Hemish 
1975). Hemish (1975) and Groenewold and others (1979) have identifed 
the contact in the subsurface based on color difference and stratigraph-
\ 
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ic position, but not at a prominent coal that could be correlated to the 
HT Butte coal of Royse (1967), 
The unnamed strata above the Sentinel Butte Formation were 
considered Eocene and named the Golden Valley Formation, consisting of 
two members (Benson and Laird 1947), Hickey (1972) subsequently assign-
ed the lower member to the uppermost Paleocene, 
Below the Tongue River strata and above the Cretaceous Pierre 
Formation is a complex of transgressive and regressive deposits. Under-
standing these transitional formations was the subject of several in-
vestigations (Cvancara 1976, 1976a; Moore 1976). The nomenclature of 
the strata directly below the Tongue River was problematic. Rather than 
extend names from South Dakota and Montana, Clayton and others (1977) 
restricted the usage of Ludlow to strata below the Cannonball Formation 
or below the T-Cross coal. These strata best resemble the type Ludlow, 
The nonmarine interval above the T-Cross coal or the Cannonball 
Formation was named the Slope Formation (Clayton and others 1977), Its 
top was defined at a siliceous ("silcrete") zone. The strata above the 
Slope Formation, formerly the Tongue River Formation, were named the 
Bullion Creek Formation (Clayton and others 1977), This usage, shown in 
the right column of Figure 6, is accepted by the North Dakota Geological 
Survey and is followed here. 
Many informal names are applied to strata within the Sentinel 
Butte and Bullion Creek Formations. Most are local names of lignite 
coals. Certain persistent elastic sections, recognizable in outcrop; 
have also been named (Figure 7), Carlson (1972) attempted to correlate 
lignite coals in Oliver and Mercer Counties, where most coal mining 
occurs. Groenewold and others (1979) did a comprehensive subsurface 
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study and correlation of the coals in the Knife River drainage basin 
(Figure 8). They demonstrated that the coals of the upper Bullion Creek 
and lower Sentinel Butte Formations can be traced over thousands of 
square kilometers. 
The Bullion Creek coal names of Figure 7 and the Sentinel Butte 
coal names of Figure 8 are used in this report. 
Sedimentologic Studies 
Sedimentologic study of the Bullion Creek and Sentinel Butte 
Formation.• did not begin in earnest until the 1960s. To further define 
the differences between the Tongue River (Bullion Creek) and Sentinel 
Butte formations, Royse (1970) studied sedimentary structures, strata 
geometry, grain size distributions and petrology of the sediments. He 
concluded that the sediments were fluvial, with associated paludal and 
lacustrine sediments. Deposition was essentially continuous. The re-
sults and conclusions of his studies are summarized in Table 1. 
Royse studied the excellent surface exposures in the Little 
Missouri Badlands. The Bullion Creek formation is well exposed there, 
but the Sentinel Butte formation is only poorly exposed. He noted that 
these formations become thicker toward the center of the basin. Other 
basin structures seemed to have no significant effect on depositional 
environments or patterns of sediment distribution. 
The other major contributor to the understanding of the origins 
of these deposits was Jacob, whose work is summarized in Table 2. 
Jacob's results agree with those of Royse. His study area, for the most 
part, was similar to that of Royse. Jacob also related lithologies to 
fluvial environments and developed models to explain the cyclicity of 
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TABLE 1 
SUMHARY OF STUDIES OF ROYSE (1967, 1970, 1972) 
Study Area: Little Missouri Badlands, 
western and southwestern North Dakota 
Objectives: 1. Define the contact between the 
Tongue River and 
Sentinel Butte Formations 
2. Compare the sedimentologic 
differences between the two units 
3. Reconstruct depositional episodes 
Results and Conclusions: 
Tongue River: 
Depositional ~vironments: 
mostly channel and backswamp; 
floodbasin less important 
Sedimentary.Petrology: 
Sands protoquartzitic and 
feldspathic; 
average carbonate content 12.ll; 
sands more mature than 
Sentinel Butte sands; 
Paleocurrent Directions! 
Easterly (E 6 S) 
Limestones: 
Fossils: 
Argillaeeous. dolomitic; as pods, 
lenses and discontinuous beds; 
primary origin 
Invertebrate fossils more abundaQt 
in Bullion Creek than Sentinel Butte 
Sentinel Butte: 
Depositional Environments: 
Near uniform distribution of channel, 
floodbesin and backswamp environments 
Sedimentary Petrology: 
Sands lithic and feldspathic 
graywaekes; cleaner, coarser sands in 
upper Sentinel Butte; montmorillonitic 
clays; average carbonate content 6.5% 
Paleocurrent Directions: 
Upper: E 20 S 
Middle: E 30 S 
Lower: E 18 S 
Limestone: 
Fossils: 
More abundant in Bullion Creek than 
Sentinel Butte (1972) 
Silicified wood, pelecypods, gastropods 
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TABLE 2 
SUMKARY OF STUDIES OF JACOB (1972, 1973, 1975, 1976, 1976a) 
Study Area: Little Missouri Badlands, 
western and southwestern North Dakota; 
Husky Lignite Mine, Stark County (1976a) 
Objectives: Define the depositional environments 
of the Tongue River and 
Sentinel Butte Formations 
Results and Conclusions: 
Bullion Creek: 
Depositional Environments: 
Fluvial channel, crevasse splay, 
floodbasin and backswamp; trough-
shaped linear sandstone bodies 
(1975); low-sinuosity non-braided 
rivers (1976) 
Sedimentary Petrology: 
Sands up to 40% primary elastic 
fragments (1973, 1976); 
rock fragments important 





Easterly to east-southeast (1973); 
Easterly to east-northeast (1976) 
Limestones: 
Micritic lenses, up to 30 m (100 feet) across. 
probably from carbonate-rich 
sediments interacting with groundwater 
Fossils: 
Gastropods, pelecypods, plants, wood fragments 
Sentinel Butte: 
Depositional Environments: 
Fluvial channel, crevasse-splay, 
floodbasin and backswamp 
Sedimentary Petrology: 
Volcanic and metamorphic rock fragments 
important (1975, 1976); clays of 






Silicified wood, pelecypods, gastropods 
Other: 
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TABLE 2, Continued 
Stream size analysis (1976a) 
Depth: 3 m (10 ft) 
Width: 18 m (60 ft) 
Mean annual discharge: 4.2 m/s (150 cfs) 
Meander length: 215 m (700 ft) 
Drainage area: 520 km2 (200 sq. mi.) 
Stream length: 50 km (30 mi.) 
Channel slope: 1 m (3 ft) per mile 
(System resembled the small rivers or 
bayous of modern coastal plain of Texas) 
sedimentation (1972). 
Several other studies, over smaller geographic areas and strati-
graphic intervals, were subsequently conducted. These are summarized in 
Table 3. All but Hemish (1975) examined portions of the same areas as 
Royse and Jacob •. Although the. work of Hemish was primarily stratigraph-
ic, he agreed with the environmental conclusions of previous workers. 
His work defines the contact between the two formations within south-
eastern McLean County. 
All workers agreed that the two formations are fluvial. They 
believed that unidentified Laramide sources to the west contributed to 
the volume and variety of sediment supplied to the fluvial systems, and 
that general subsidence of the basin influenced the thickness of sec-
tion, The influence of active basin structures on depositional environ-
ments was not discussed. 
All agreed that the area was at or near base level during most 
of Paleocene time. However, they did not agree on the reasons for a 
stable base level. Therefore, regional geology is interpreted differ-
ently (Table 4). 
18 
TABLE 3 




















Southeastern Golden. Valley County 
Southwestern McKenzie County; 
upper Sentinel Butte only 
Southeastern McKenzie County; 
upper Sentinel Butte only 
Southeastern McLean County; 
interval of Bullion Creek-
Sentinel Butte contact 
West and south of Missouri River 
Little Missouri River Valley, 
western North Dakota; 
interval of Bullion Creek-
Sentinel Butte contact 
West-central Dunn County; 
Sentinel Butte only 
Describe sedimentologic 
features of Tongue River and 
Sentinel Butte Formations; 
define criteria for 
differentiating units 
Cherven: Determine depositional environments 
of part of the Sentinel 
Butte Formation 
Johnson: Determine depositional environments 
of part of the 
Sentinel Butte Formation 
Hemish: Surface to subsurface correlation 
of coals and the contact between 
the Tongue River and 
Sentinel Butte Formations 
Rehbein: Map the depositional environments of 
Harmon and Hanson lignite coals and 
associated strata 
Steiner: Study the petrologic differences 
between the Bullion Creek 
and Sentinel Butte Formations 
Nesemeier: Determine depositional environments 
of the Sentinel Butte Formation 
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TABLE 3, Continued 
Results and Conclusions: 
Bullion Creek: 
Depositional Environments: 
Crawford: fluvial, lacustrine, floodbasin 
and backswamp 
Rehbein: fluvial and fluvial-associated 
Hemish: fluvial; fluvial-deltaic 
Sedimentary Petrology: 
Crawford: "Tongue River 0 sands 
with higher total carbonate 
than Sentinel Butte; sands finer 
grained with fewer dark minerals; 
little weathering of unstable minerals; 
granitic, metamorphic 
and sedimentary sources 





more mature (lower feldspar/quartz ratios) 
than those of lower Sentinel Butte 
limestones in pods; dense, structureless: 
generally devoid of fossils, but some have 
leaf fossils and vertical root molds 
plants, gastropods, pelecypods; fish, 
turtle and crocodile parts; amphibian 
and mammal teeth 
Hemish: gastropods, pelecypods, plants 
Paleocurrent Directions: 
Rehbein: east, southeast, northeast 
Sentinel Butte: 
Depositional Environments: 
Crawford: alluvial, fluvial and lacustrine; 
volcanic ash deposits 
Cherven: high- and low-sinuosity fluvial systems; 
some channels vertically stacked 
Johnson: high- and low-sinuosity fluvial systems; 
floodbasin environments 
Nesemeier: low-energy, high-sinuosity fluvial; floodbasin 
Sedimentary Petrology: 
Crawford: montmorillonitic clays within fines; 
Cherven: sedimentary rock fragments important, 
especially chert; quartz more abundant 
than feldspars 
Johnson: sedimentary rock fragments important 
Steiner: Sentinel Butte sands less mature than 
Bullion Creek sands; higher feldspar 
to quartz ratios; sand more 
mature in upper Sentinel Butte 
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TABLE 3, Continued 
Nesemeier: mostly quartz; some sedimentary rock 
fragments; montmorillonite, mica, 












east, southeast, northeast 
southeast 
not found 
rare pelecypods, gastropods; 
plant remains and silicified w9od 
Plant remains; silicified stumps; 
freshwater gastropods and pelecypods 
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TABLE 4 












Bullion Creek sediments were distributed 
evenly from west to east, An influx of 
new sediment from the northwest marks the 
beginning of Sentinel Butte deposition. 
A similar influx occurred in late Sentinel 
Butte time. These influxes represent 
pulses of the Laramide orogeny. The fluvial 
systems followed the path of the retreating 
Cannonball Sea. Relationship of base level 
to the Cannonball sea is "problematical" 
(1970, p. 76). Basal Sentinel Butte sand 
may have been deposited deltaic fashion into 
a standing body of water (1970, p. 77), 
System is not a wholly deltaic, shoreline or 
barrier island system. Deposit may be part 
of a larger deltaic or coastal-plain sequence. 
Bullion Creek (his Tongue River) may be 
lower deltaic plain (of the Cannonball 
Sea?). 
Conclusions are similar to above, 
but he considered that stacking of 
linear channels indicated possible 
deltaic origin. Because deposits 
are nonmarine, he postulated a possible 
lacustrine delta origin (p. 1044). 
Formations were deposited on an alluvial 
plain that prograded into a relict 
Cannonball Sea. All Paleocene deposits 
may be facies of the marine 
Cannonball Formation (p. 5). 
Region was an alluvial plain, 
with possible deltaic influences. 
Region had low gradient rivers, swampy 
conditions, on a broad coastal plain (p. 48). 
Region consisted of fluvial environments on 
distal part of a delta, as described by Jacob 
(1973). 
Bullion Creek sediments were deposited on 
a "very wide, flat coastal plain, which had 
several large rivers slowly anastomosing 
across the flat land" (p. 40). 
The Sentinel Butte sediments were deposited 
by large, low-energy rivers into large, 
shallow and quiet freshwater bodies (p. 45). 
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TABLE 4, Continued 
Hemish (1975) Sediments reflected a possible 
coastal and delta-plain 
association. The lower Bullion Creek 
represents a lower delta plain; 
the upper part is a deltaic plain (of a relict 
Cannonball Sea) (p. 43). The Sentinel Butte 
deposits continue to reflect 
delta system affinities. 
Rehbein (1977) Slow subsidence of the basin 
promoted extensive coal deposits; 
location of river channels were 
Butler (1980) 
structurally controlled. 
Late Cretaceous Hell Creek and 
Early Paleocene Ludlow Formations 
represent the progradation of a high-
constructive lobate delta into the Williston 
Basin. Early sediments tended to bypass 
the lower delta plain and be deposited 
in the delta front environments. Later, 
lower delta plain meander belt and 
floodbasin environments dominated. 
Because thick and persistent coals were not observed in the 
Sentinel Butte Formation exposed in the Little Missouri Badlands, the 
early workers concluded that there was greater fluvial stablility during 
Bullion Creek than during Sentinel Butte time. Groenewold and others 
(1979) have shown through subsurface studies that the Sentinel Butte 
does have thick and persistent coals in the Knife River drainage basin. 
Most W"orkers reported "limestonesu from the 0 Tongue River 0 • 
These limestones were carbonate-cemented siltstones. Except for Royse 
(1972), most noted a conspicuous absence of limestones in the Sentinel 
Butte Formation. Barclay (1971), Hemish (1975) and Groenewold and 
others (1979) reported probable primary limestones in the Sentinel Butte 
Formation. Most occur, howevery in the uppermost Bullion Creek Forma-
tion. Groenewold and others (1979) defined limestone or carbonate-
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cemented siltstone as a marker for the contact between the two forma-
tions. Barclay (1971) found the limestones occur as discontinuous pods 
in outcrop within specific strata. His analyses showed the limestones 
to be 54-757. carbonate, mostly calcite, with some samples up to 107. 
dolomitic. The discontinuity of limestone or limy strata was observed 
during coal developmental drilling, where test holes were spaced about 
100 meters apart. 
In summary, the previous workers determined that the Sentinel 
Butte and Bullion Creek Formations were primarily fluvial, including 
nearshore deltaie. Paludal and lacustrine environments were also im-
portant. Deposition was essentially continuous~ The area was at or 
near a base level for most of Paleocene time, resulting in vast coal 
deposits. The source of this base level stability is problematical. 
Possibilities include a relict Cannonball Sea, a large freshwater lake, 
or some structural control on groundwater, producing a large level area 
of groundwater discharge. 
Climatic Studies 
The climate of the Late Cretaceous was subtropical; the climate 
cooled to warm temperate during the Paleocene (Sloan 1970; Brown 1962). 
The Paleocene Rocky Mountain flora was similar in part to the modern 
East Asian flora. Leopold and MacGinitie (1972) concluded that the 
Paleocene flora changed to a modern one, having affinity to Central 
American floras, during Eocene time. They concluded that the climate 
throughout the Paleocene was relatively stable in the Rocky Mountain 
area, based on the persistence of certain plant and pollen types. They 
believed that the low relief of the Laramide highlands, in contrast to 
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that of the modern Rockies, contributed to the floral stability. 
The climate became unstable in latest Paleocene to earliest Eo-
cene time. Based on fossils in the lower Golden Valley Formation, 
Hickey (1972) concluded that the climate cooled somewhat. In early 
Eocene, the climate returned temporarily to subtropical, similar to that 
of the Late Cretaceous. Leopold and MacGinitie (1972) concluded that 
thereafter the Rocky Mountain area became more temperate (drier winters) 
with both humid and dry cycles. The trend was toward drier and cooler 
climates"' 
Structural Setting 
The Williston Basin is a large, intracratonic basin centered in 
McKenzie County, North Dakota (Figure 9). The basin extends northeast-
erly into Canada and southerly into South Dakota. The basin also ex-
tends into eastern Montana and northwestern Wyoming. The major positive 
features within the basin are the Nesson and Cedar Creek Anticlines. 
Minor positive features in Montana include the Bowdoin and Poplar Domes. 
The minor structures of the study area are shown in Figure 10. 
Regional dip toward the center of the basin, based on the top of 
the Cretaceous Pierre Formation (Anderson 1969), is about 1 - 2 m/km (10 
to 20 feet per mile). Greater or lesser slopes, and dip reversals, 
exist locally in the vicinity of minor structures. 
The structural axis of the basin crosses the study area from 
northwest to southeast through Stark County. The axis is known as the 
Lemmon Syncline in the south-central part of the area. At least two 
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unnamed synclines are parallel to and west of the axis. The axis is 
frequently used as a point of reference in this report. 
Stratigraphic Setting 
The geologic history of the Williston Basin in North Dakota was 
summarized by Carlson and Anderson (1970). Figure 11 is a generalized 
stratigraphic column for the state. Rocks of all systems are present. 
From Cambrian through Mississippian time, the basin subsided 
rapidly. Carbonate and evaporite deposition dominated. During Penn-
sylvanian through Triassic time, the subsidence rate was much less. 
Most sediments were elastic. 
Clastic sedimentation continued into the Jurassic and Creta-
ceous, with the thickest resulting formation being the Cretaceous Pierre 
Formation, a marine shale~ 
The withdrawal of the Cretaceous Sea from the basin marks a 
major change in the sedimentary environments for the region~ The Fox 
Hills through Slope Formations represent a transition from marine to 
wholly nonmarine deposition. The sediments were derived from low--
relief, but rising, Laramide highlands to the west. The uplift began in 
the latest Cretaceous; by Eocene time, the relief of the ranges may have 
been comparable to that of today (Stearn and others 1979, p. 366). 
After Slope time, the sedimentation was nonmarine. 
The Fox Hills Formation is a Late Cretaceous regressive marine 
and brackish-water deposit (Cvancara 1976). It consists of medium and 
fine sand and silt. The lower contact with the Pierre Formation is 
conformable and gradational. The upper contact with the mostly non-
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marine Hell Creek Formation is locally unconformable. 
The Cretaceous Hell Creek Formation is probably a nonmarine 
facies of the marine Pierre and Fox Hills Formations (Moore 1976; Butler 
1960). The Hell Creek consists of carbonaceous clay and sand, with some 
lignitic zones. 
The Hell Creek in North Dakota is overlain in the southwestern 
part of the area by the Ludlow Formation and in the northeastern part by 
the Cannonball Formation (Butler 1961). The Ludlow consists of sand, 
organic-rich clay, and lignite coal. It apparently conformably overlies 
the Hell Creek (Moore 1976). The base is at the lowest thick lignite 
coal above the elastics of the Hell Creek. The top is usually identi-
fied at a thick and persistent lignite coal, the T-Cross. 
The Fox Hills through Ludlow Formations are interpreted as de-
posits of a highly constructive, sandy, shallow-water delta that pro-
graded into the Williston Basin. The environments are primarily those 
of a fluvially-dominated lower delta plain, with delta margin and marine 
margin associations. 
The Cannonball Formation is the last marine deposit of the 
basin. It consists of poorly consolidated sandstone and mudstone 
(Cvancara 1976a). The Cannonball Sea transgressed southwestward in the 
area at least twice, burying earlier Ludlow sediments. Each trans-
gression was farther west than the previous one (Butler 1981). 
Apparently conformably overlying both the Cannonball and Ludlow 
Formations is the Slope Formation (Clayton and others 1977). During 
Slope time, or shortly later, the Cannonball Sea withdrew to the east 
and south. The Slope Formation consists of sand, silt, clay and lignite 
coal, like the overlying Bullion Creek Formation. The top of the Slope 
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formation is marked by a weathering zone and a hard silcrete layer seen 
in outcrop in southwestern North Dakota (Clayton and others 1977; 
Wehrfritz 1978). The marker has been traced to the northeast as far as 
northern Morton County (Clayton and others 1977). Identification of the 
top of the Slope Formation in the subsurface is difficult in the north-
eastern part of the study area, however (Groenewold 1981). 
Where the Slope weathering zone is present, an unconformity with 
the overlying Bullion Creek Formation may be present. The Bullion Creek 
and Sentinel Butte Formations are themselves conformable and very simi-
lar. The contact between them is primarily based on a color difference 
both in weathered outcrops (Royse 1967) and the subsurface (Groenewold 
and others 1979, p. 15). The Bullion Creek sediments are yellowish; the 
Sentinel Butte sediments are somber gray. Both formations consist of 
fine sand, silt," clay and lign_ite coal, with rare freshwater limestone. 
The coarsest elastic sediment encountered usually is fine sand~ Medium 
sand is less common, and coarse sand is rare~ The deposits are fluvial, 
with associated paludal and lacustrine sediments~ They are conformable, 
except for local ~hannel erosion. 
The overlying Golden Valley Formation is conformable with the 
Sentinel Butte Formation. It consists of clay, silt, lignite coal and 
micaceous sand (Hickey 1972). The lower member is upper Paleocene and 
has a distinctive kaolinitic zone and a elastic zone that weathers to 
yellow and orange. The kaolin clay was considered detrital (Hickey 
1977), but Prichard (1980) concluded that the clay resulted from in situ 
weathering. The upper member is lowermost Eocene. 
The Golden Valley Formation is, in most places, the uppermost 
Tertiary deposit in the Williston Basin. In a few places, it is un-
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conformably overlain by the Oligocene White River Group and rarely by 
Miocene deposits. These sediments are conglomeratet bentonitic clay, 
sand and tuff deposited atop a regional unconformity on the Golden 
Valley Formation (Stone 1972). Oligocene and Miocene strata, and most 
of the Golden Valley, were eroded from all but a few buttes and outliers 
during later regional uplift. 
METHODS OF STUDY 
Q!_ta Sources 
This study is based on data from 225 sites, each a test hole or 
outcrop. The data are in the public domain and were provided by private 
and public sources (Table 5). These sources either contributed directly 
to this study or made data available through other projects and publi-
cations. 
Most of the data were obtained from lithologic interpretation of 
test hole data. These data are from drillers' records of cuttings and 
cores, and wirelin,e log traces. The logs commonly used were natural 
gamma, gamma density, self-potential and resistivity logs. Caliper and 
neutron density logs were some.times available. 
The quality of data for a site varied from a generalized de-
scription of the cuttings to published lithologic interpretations with 
original cutting descriptions and log traces. The former were used if 
nothing else was available and the descriptions were sufficiently de-
tailed. Most sites have lithologies interpreted from cuttings and log 
traces. 
The lithologic interpretations and lignite coal correlations 
prepared by Groenewold and others (1979) were accepted without signi-
ficant re-evaluation. Interpreted data from other sources, where log 
traces were available, were evaluated for lithologic accuracy and suf-
ficient stratigraphic detail. 
For this study, lithologies were discriminated to no greater 
detail than sand, silt, clay, carbonaceous clay. lignite coal or 
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Baukol-Noonan, Inc., Minot, North Dakota 
Consolidated Coal Corporaton, Bismarck, North Dakota 
Husky Industries, Dickinson, North Dakota 
Knife River Coal Company, Bismarck, North Dakota 
North American Coal Corporation, Bismarck, North Dakota 




Groenewold and others 1979 
Hemish 1975 
Menge 1980 





U.S. Geological Survey and North Dakota Geological Survey Staffs 
1976, 1977, 1978 
Unpublished Data Sources 
North Dakota Geological Survey 
Department of Geology, University of North Dakota 
limestone. 
The lithologic column was prepared for each well site or outcrop 
description. The column was recorded as a series of strata defined by 
the depth to the top of each stratum and a Ii thology for the stratum. 
Computer Management of Data 
The lithologic columns, with essential location and elevation 
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data, were entered into the North Dakota Geological Survey (NDGS) 
COALBASE computer data base (Harris and others 1981). The data entry 
formats are those of the SEAM Prototype of GEOSTOR (Winczewski 1980). 
The data files were verified and corrected using SEAM Prototype pro-
grams. The data for this study can be obtained from the author, through 
the North Dakota Geological Survey. 
The SEAM Prototype uses FORTRAN programs to retrieve specific 
site data. Because these programs are inefficient, preliminary Sta-
tistical Analysis System (SAS) programs were .developed to replace them 
(SAS Institute, Inc. 1979) 
Correlation of Strata 
Tentative cross-sections with color-coded lithologic columns 
were drawn for sites outside the Knife River project study area of 
Groenewold and others (1979). The cross sections were anchored at 
outcrop or test hole sites for which the coal stratigraphy was well-
understood and for which stratigraphic interpretations had been pub-
lished. 
For most columns, coals or coal groups are vertically separated 
by thick elastic zones. Using major and minor basin structure as a 
guide, thick coals were correlated with thick coals, or with a group of 
thinner coals at the same stratigraphic position at an adjacent site. 
A group of thinner coals was sometimes correlated with a carbonaceous 
clay zone, a fine elastic zone, limestone, or with a coal zone on the 
other side of a elastic zone but at the proper stratigraphic position. 
Figure 12 illustrates the correlation procedures. 
Unique lithologic patterns, such as persistent coal triplets, 
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were used as a guide to a structural trend and to the correlation of 
strata. 
Finally, the cross sections were linked at common sites from 
several directions. Inconsistencies were resolved~ Codes for strati-
graphic markers were entered into computer files for later processing. 
Selection of Mapping Intervals 
The names of coals correlated in this study are shown in Figure 
13. Major coals were defined as those persistent over most of the study 
area. Minor coals, persistent locally, could not be mapped usefully at 
this level of study. 
Figure 13 implies a coal stratum must exist at each stratigra-
phic position shown. For some sites, particularly in the Knife River 
Basin, lithologies other than coal tend to occur at the stratigraphic 
position for which a coal is expected. This distinction is particularly 
critical for the HT Butte coal, which has been used to mark the contact 
between the two formations. A prominent coal does not mark the contact 
between the Sentinel Butte and Bullion Creek Formations in the northeast 
part of the study area (Groenewold and others 1979). In explanatory 
diagrams, such as Figures 12 and 13, coals are used as marker litho~ 
logies for illustrative purposes only. 
A mapping interval of this study is defined from the top of a 
major coal to the top of the major coal above it (Figure 14). Again, at 
some sites, lithologies other than coal were used to mark the top of 
mapping intervals. Each interval is assumed to be a genetically related 
sedimentologic unit. A lignite coal, capping the interval, is assumed 






















































MAPPING IHT£AVAl NAIi( 
TWIN BUTTES INTERVAL 
SCHOOLHOUSE INTERVAL 
BEULAH-ZAP INTERVAL 
KINNEMAN CREEi( INTERVAL 
HT BUTTE INTERVAL 
MEYER INTERVAL 
GARNER CREEK INTERVAL 
Figure 13. Names a.nd relative s"tra.tigra.phic positions o:f 
the coals and intervals mapped :for this study. 
At some locations, lithologies other than coa.l 
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l 
Definition of a mapping interval. Coal is the 
usual lithology at the tops of intervals, 
although other lithologies may occur at some sites, 
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The overlying elastics are assumed to represent a new fluvial system 
with a different pattern of depositional environments. The change could 
be caused by an influx of sediments causing the fluvial system to ag-
grade rapidly and deposit the basal elastic sediments of the next inter-
val. That interval is capped by fine elastics or coal as the system 
again returns to stability. Thus, the coal-to-coal interval is assumed 
to represent a depositional episode suitable for mapping on a regional 
scale. 
Insufficient data were available to map confidently the inter-
vals defined by the H, Hanson, Harmon, and Harnisch coals. The upper 
Bullion Creek was easily divided into three subequal intervals, 'each 
capped by a major coal or equivalent stratum. 
The Sentinel Butte Formation has more intervals suitable for 
mapping than needed for this study, The Spaer, Jim Creek and Antelope 
Creek coals were assigned to be mapped within the Beulah-Zap Interval 
because they are not very persistent over the area. By default, the top 
of the Kinneman Creek Coal became the base of Beulah-Zap Interval. 
The Hagel coal is persistent over the area and is of economic 
importance in the northern and northeastern part of the area. The 
Kinneman Creek coal and the Hagel coal were sometimes difficult to dif-
ferentiate with the available control. The two should be separately 
mapped in a more detailed study. The Hagel coal and its uruierlying 
elastics lie just above the contact between the two formations. The 
decision to include the Hagel coal within the Kinneman Creek Interval 
pcstpvnes a needed e~amination of the interval directly above the 
contact. 




reasonable for this study. Throughout much of the area, the Kinneman 
Creek and Hagel coals seemed to be closely related stratigraphically. 
Furthermore, elastics between the two were generally finer than elastics 
between the Hagel and the contact. Therefore, a general fining upward 
is observed, and the criteria for defining a mapping interval have not 
necessarily been violated. 
Selection of Control Sites 
The geographic distribution of sites available for study is 
nonuniform. Shallow test holes are densely clust.ered in mining areas. 
Regional coal exploration or resource assessment projects provided data 
from widely-spaced test holes. 
Initially, the sites indexed within COALBASE were sorted by map 
l<!!cation and tot.al depth. The goal was to select one site with good 
data in each township, spacing sites as uniformly as possible. At 
first, the deepest holes with good data were selected; a map of these 
was examined for uniformity of geographic distribution. Adjustments 
were made to provide a better distribution of sites or better strati-
graphic coverage. No sites were available for some areas. The final 
distribution of sites is shown in Figure 15. 
Not all mapping intervals are present at each site. The sites 
used for each interval are shown on the maps in the Results section 
(Plates S-11) 
Mapping .Procedures and Techniques 
FORTRAN and SAS computer programs were used to prepare the data 
for mapping. The parameters mapped are listed in Table 6. One map was 
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PARAMETERS MAPPED FOR EACH INTERVAL 
PARAMETER 
Elevation of top 
Thickness 
Percent sand 
Percent s i 1t 
Percent coal+ clay 
Thickness of coal 







Backswamp stability indicator 
Backswamp stability indicator 
prepared for each parameter for each int~rval. 
The elevation of the top of an interval and its thickness was 
used to define structure. The percentage of sand was used to define 
channel areas. Percentage of silt helped define the near-channel envi-
ronment. Percentage of coal plus clay was used to define backswamp 
areas. Total thickness and number of coal beds were used to evaluate 
the stability of the backswamp environments during deposition of the 
interval. An eighth map was prepared for each interval to show the 
interpreted generalized depositional environments. 
Maps were initally drawn using the SYMAP (Dougenik and Sheehan 
1975) mapping program. The maps were examined for errors introduced 
during correlating, recording and encoding the data. Final versions of 
the maps were hand-drafted. 
RESULTS 
Stratigraphic Cor~_elation 
Figure 16 shows the locations of the cross sections shown on 
Plates 1-4. Section A-A' (Plates IA and IB) shows the coal marker stra-
ta dipping to the northeast, following the main structural trend of the 
Williston Basin. About 380 m (1250 feet) of structural relief exists 
between the southwest and northeast parts of the study area. The de-
formation appears to have occurred after Twin Buttes time. 
The thickness of sediment between marker strata varies with the 
kind of sediment. Sand-rich intervals are thicker than those rich in 
coal and clay. The Heyer interval at G306-l (column 6, Plate lA) and 
adjacent sites is a good example of lithology-dependent thickness. The 
Garner Creek interval at G306-2 (column 5, Plate IA) is an example of 
correlating a coal marker (the top of an interval) through a sand zone 
to a coal zone at the same stratigraphic position in the next site. The 
cross section also shows a trend from few and thick coals in the south-
west to many and thin coals in the northeast. A general thickening of 
the intervals to the northeast is not obvious. 
The basinward dip of the coals is altered where the section 
crosses an unnamed anticline near sites G306-1 and 2 (columns 6 and 5, 
Plates IA and lB). An unnamed syncline crossed by the section west of 
site G306-3 (column 4, Plate lA) does not affect the structure. 
Cross section B-B' (Plates 2A arid 2B) shows complex structure to 
the northwest (Plate 2A). This section crosses the Little Knife 
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Figure 16. Lines of cross sections shown in Plates 1-4. See Figure 10 for 
locations of structures. 
t 
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follows its eastern flank to about site M-9 (column 9, Plate 2A). 
There, it rises over the southeast end of the structure. Note the 
merging and thickening of the Beulah-Zap, Schoolhouse and Twin Buttes 
coals at site B4 (column 8, plate 2A) adjacent to the anticline. 
Southeast of site 306-M20 (column 10, Plate 2A), coals are many and 
thin. Basin structure rises in the far southeast toward B' (Plate 2B). 
Clastics become more common. 
Cross section A-A'' (Plate 3) shows the correlation of sub-
surface coals with those identified in outcrop at Red Hills, Bullion 
Butte and Lost Bridge. The basinward dip becomes less as the section 
crosses the Billings anticline north of site GS-860-80-98 (column 8, 
Plate 3) near C. The basinward dip resumes near site GS-860-80-11 
(column 19, Plate '.l) northeast of the Little Knife anticline. I 
Cross section C-C' (Plate 4) also shows structure in the west ar 
the section crosses the Billings and Fryburg anticlines (Figure 10). 
The HT Butte coal, which marks the boundary between the Bullion Creek : 
and Sentinel Butte Formations in this area, remains thick over the anti~ 
cline. The coal fades within a elastic section elsewhere in the easter~ 
part of the cross section. The thickness of the upper Bullion Creek 
intervals changes only moderately over the anticlines. 
The structures shown on the cross sections were determined from 
coal correlation methods alone. These structures were later confirmed 
by comparing the cross section locations with the published locations ojf 
structures (Figure 10). 1' 
Figure 17 lists the coal names found to be equivalent over the 
study area. Groenewold and others (1979) identified the contact betwe 
the Bull ion Creek and Sentinel Butte Formations as occurring in a clasj 
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Stratigra.p:iic positions and co=ela.tions of coal and 
elastic strata in the study area. Correlations in ! 
:part from Groenewold and others (19'?9). Lithologies 
other than coal can occur at the positions for which 
a coal is shown. 
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tic section between the Tavis Creek and Hagel coals. The contact was 
often placed at a persistent limestone or carbonate-cemented siltstone. I 
Royse (1967) used the thick and persistent HT Butte coal to mark the toR 
of the Tongue River (Bullion Creek) Formation. These cross sections 
show that the HT Butte coal can be a contact marker in the southwest. 
It has been traced in outcrop throughout the Little Missouri River Val-
ly. The HT Butte coal is less persistent in the northeast part of the 
area, where it was not found by Groenewold and others (1979). Instead, 
the stratigraphic interval of the contact is a transition from coal to 
carbonaceous clay or carbonaceous sediment or limey elastic to the 
northeast (Groenewold 1981). The results are in agreement with both 




Plates 5-11 show maps produced for the intervals between the to 
of the Harmon coal and the top of the Twin Buttes coal. Each plate has 
seven structural and lithologic maps for each interval. The eighth map 
shows an interpretation of generalized depositional environments for th 
interval. 
Hanson and Harmon Intervals 
Insufficient data were available to map confidently intervals 
capped by the Hanson and Harmon coals. These are prominent and econom-
ically important coals in the southwestern part of the area. Rehbein 
(1977) attempted to correlate these two coals across the basin and map 
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· t !le 1"nterpreted linear sand belts 
their depositional env1ronmen s. 
· th f wast to east in the southwest, but trending crossing e area rom ~ 
southwest-northeast in the northeast. Although some of his correlations/; 
are questionable (Groenewold 1981), Rehbein'• results resemble those 
seen in test maps prepared for this study but not reported here. 
Garner Creek Interval 
Happing analysis can be done with only marginal confidence with 
the control points available for the Garner Creek Interval. The ele-
vation of the top of the interval (Plate 5A) follows the modern struc-
tural trend of the Williston Basin. The deepest site is in the north-
eastern part of the area. Minor structures are evident in western Start 
and eastern Billings Counties. · 
The Garner Creek Interval varies greatly in thickness but does 
not thicken significantly toward the present depocenter of the basin 
(Plate 5B). The interval is thickest in a northwest-southeast trend 
the west and south part of the study area. 
Sand in_the interval occurs in northwest-southeast trending , 
linear belts in the southwest (Plate 5C). Large areas of the southwest/ 
are also free of sand. Silt (Plate 5D) is almost everywhere, with lo-
cally high concentrations in linear trends parallel to the sand belt 
trends seen 1n Plate 5C, 
Coal and clay (Plate 5E) are dominant in the western and southl 
western parts of the area and southwest of Glen Ullin. Coal and clay ' 
are important constituents at most sites. Coal (Plate 5P) is most 
abundant in the west-central part of the study area. Where coal is 
present, it usually occurs as multiple beds (Plate 5G). 
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Meyer Interval 
The Meyer Interval (Plates 6A-6H) 
defined for the Bullion Creek Formation. 
which trends can be discerned confidently. 
The top of the Meyer Interval (Plate 6A), tends to follow the 
modern structural trend of the basin. Exceptions are high 
northern Billings and western Stark County. A low occurs 
areas in , 
between themJ 
it is thick-I 
the lowest elevation is in central Mercer County. 
The interval thickens to the southwest (Plate 6B); 
est in northeastern Adams County, with another thick area in western 
Billings County along a line to the northwest. Sand in the interval 
(Plate 6C) is concentrated in linear belts in northeastern Adams and 
southwestern and eastern Stark Counties, central Dunn County and in 
other places. Many areas have little or no sand. 
lows the sand pattern, although most sites have at 
Silt (Plate 6D) fol-1 
least some silt. , 
Areas dominated by coal and clay (Plate 6E) are in eastern Starf 
County, and in patches to the west and southwest, but are important at I 
most sites. Coal (Plate 6F) is abundant in the south-central part, in I 
the northeast, and in small patches throughout the area. Coal occurs a.s 
single beds where it is not abundant (Plate 6G). 
HT Butte Interval I 
The HT Butte Interval (Plates 7A-7H) is uppermost in the Bullion .. 
Creek Formation. The top of the HT Butte coal, or its stratigraphic 
I 
equivalent, is defined as the contact with the overlying Sentinel 
Formation. 
Butt'! 
The elevation of the top of the interval (Plate 7A) follows th(! 
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· A•a'n, structur•lly high areas exist in 
structural trend of the basin. ~ • ~ 
S C t 
· The lo••est elev•t 'on is in east-central 
Billings and tark oun ies. R ~ • 
Dunn County. The thickest areas (Plate 7B) are generally to the south 
and west of the present structural axis of the basin. The interval . 
thins to the northeast, with a thick patch in southern Mercer and north~ 
eastern Stark Counties. 
Large sand-free areas are evident on Plate 7C. Sand appears 
be concentrated in linear belts trending northwest-southeast through 
central Stark County. A parallel but less obvious linearity is to the 
northeast. Silt (Plate 7D), like sand, is possibly in linear belts in· 
the southwest. The linearity disappears in the northeast, where silt J. 
generally common, 
Coal and clay (Plate 7E) dominate the southwest and west, wherJ 
nearly every site has more than 50? coal plus clay. 
become less prominent in eastern Stark County and to 
These sediments \ 
the north and eas~. 
Northwest-southeast linear trends are evident in the southwest. 
Two to six meters (6-20 feet) of coal are commonly found west 
and south of central Stark County; much less or none is found elsewheri 
(Plate 7F). Coal is present at most sites, except for an area east of. 
Dickinson. Unlike the coals of the Garner Creek and Meyer Intervals: I 
the HT Butte coal is usually found as a single bed (Plate 7G), espec1ai-
ly southwest of the basin axis. 
Kinneman Creek Interval 
The Kinneman Creek Interval (Plates 8A-8H) is the lowest 
I 
of the interval isl for the Sentinel Butte Formation. Although the top 
defined by the Kinneman Creek coal, the Hagel coal, lower in the inte~ 
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val, 1 s quite persistent over the area. The Hagel occurs as multiple 
coals (splits) of considerable total thickness over the northeastern 
part of the area. Although a separate Hagel Interval was not mapped, 
its characteristics are noted at the end of this section. 
The top of the Kinneman Creek Inter.val (Plate 8A) follows the 
modern structural trend of the basin. The interval is high and struc-
turally complex in Billings and southwestern Stark Counties. It de-
clines abruptly to the north and east. These trends reflect the 
anticlinal structures in Billings County. A structural low exists in 
east-central Billings County. The lowest point is in central Mercer· 
County, with another low in central Dunn County. 
Although a few thick areas are found in the southwest (Plate 
8B), the interval thickens to the north and east. The interval is 
thickest in western Oliver County, and is thick at other scattered 
locations, too. 
Plate 8C shows a wide sand-free belt trending northwest-south-
east over most of the southwestern half of the area, with some sand in 
the far southwest. A silt-rich belt also trends northwest-southeast 
through central Stark County (Plate 8D). Silt is common northeast of 
the belt. 
Coal and clay (Plate 8E) are important constituents of the 
interval, especially in the west and southwest. Some northwest-south-
east linear trends in contours are evident in the southwest. 
Although coal is abundant, with three or more meters total 
thickness over most of the area (Plate 8F), a belt with little or no 
coal trends northwest-southeast through Dickinson. Multiple coal beds 
are the rule (Plate 8G). More than four coal beds in the interval are 
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common in the northeast. 
Some of the characteristics of the Hagel Interval were discussed/ 
earlier within a justification for its inclusion in the Kinneman Creek 
mapping interval. The Hagel coal is generally thicker in the northeast 
than in the west or southwest; the Kinneman Creek coal varies greatly in/ 
thickness over the area. Thickness of elastics between the Hagel coal · 
and the base of the Sentinel Butte Formation varies much more in the 
south and west than in the northeast. The elastics are usually sandy 
below the Hagel coal and less so above it. 
Beulah-Zap Interval 
The Beulah-Zap Interval (Plates 9A-9H) is a thick interval with I 
several important coals that could not be resolved for individual map-
ping (Figure 13). It is capped by the Beulah-Zap coal, which is thick 
and mined extensively in the northern and eastern parts of the area. · 
interval (Plate 9A) follows the modern structural The top of the 
trend of the Williston Basin. Minor structure is complex, being 
Billings County and low in southwestern Dunn County. These areas 
high it 
are 
over or adjacent to·the minor structures in Billings County (Figure lO)f 
The lowest points are in central Mercer and north-central 
The isopach map (Plate 9B) is the first to show a 
Dunn Counties l 
thickening to/ 
the north, as might be expected if deposition had occurred within the 
present structural trends of the basin. The interval is thick in cen-
tral Dunn County and in east-central Billings County, but it thins 
abruptly between the two areas in northeastern Billings County. 
Sand (Plate 9C) is present at most sites. Belts with little 01 
no sand trend northwest-southeast through the west-central and 
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parts of the area. Sand is common in the northeast, where no linear 
patterns are apparent. Silt (Plate 9D) has distribution patterns simi-
lar to that of sand, but the southwest is rich in silt. 
Coal and clay (Plate 9E) are more than a quarter of the interval 
almost everywhere. Northwest-southeast linear trends parallel those of 
sand. The interval contains much coal (Plate 9F) in multiple beds 
(Plate 9G). East of the Little Knife anticline in Dunn County (Figure 
IO), the coals occur in 6 to 12 beds. There is less total coal over the 
high areas in Billings County and in the southwest than in the north and 
northeast. 
Schoolhouse Interval 
Because the Schoolhouse Interval is in the upper part of the 
Sentinel Butte Formation, it has been eroded from much of the area. 
The elevation of the top of this interval (Plate IOA) conforms 
to the modern structural trend of the basin. The lowest point is in 
north-central Dunn County. The interval is high in northeastern 
Billings County and declines abruptly east of the Little Knife anticline 
(Figure 10). 
The Schoolhouse Interval generally thickens to the north and 
northeast (Plate !OB) and is thickest on the north-central border be-
tween Dunn and Mercer Counties. The interval thins over high structures 
in Billings County, although the thinning is proportionally less than 
for the thick underlying Beulah-Zap Interval. 
Sand (Plate lOC) is confined to the northeastern half of the 
area, as for the Kinneman Creek Interval, The central part of the stud~ 
area has distinct belts of sand concentrations trending northwest-south 
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east. No such patterns are observed for the northeast. A silt-free 
area, smaller than the sand-free one, occurs in the southwest (Plate 
!OD). Trends of silt belts may be perpendicular (southwest-northeast) 
to the sand belts. 
Coal and clay are dominant constituents of the interval (Plate 
!OE). Most of the southwest has only coal and clay. Linear northwest-
southeast trends are apparent through the central part of the area. To 
the northeast, patterns disappear entirely. 
Although percentage of coal and clay in the interval decreases 
to the northeast, total thickness of coal appears to increase to the 
north (Plate lOF). Coal is abundant just west of the Little Knife 
anticline but is much less so on the anticlines and other structural 
highs. Most coal occurs as one or two beds (Plate JOG); the number of 
beds increases to. the north and east. 
Twin Buttes Interval 
The Twin Buttes Interval (Plates llA-llH) is the highest inter-
val defined within the Sentinel Butte Formation. As with the underlying 
Schoolhouse Interval, data points are confined to the northern part of 
the study area. 
The elevation of the top of the interval follows the modern 
structural trend of the Williston Basin (Plate llA). The lowest area is 
in the north-central Dunn County, with another low in northern Mercer 
County. Elevations are high and structure is complex over the anti-
clines in Billings County. 
Trends in thickness (Plate llB) for the interval are not obvious 
because of poor control. The interval may thicken to the northwest, and 
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it is locally thick adjacent to anticlinal structures. 
Large areas of the southwest are sand-free (Plate llC), A 
poorly-defined northwest-southeast sandy trend is possible within the 
sand-free area, but control is inadequate for confident determination. 
Sand is important in the northeast, where patterns are not evident. 
Silt (Plate l1D) is uncommon to the southwest of the basin axis. A 
linear silty belt trends northwest-southeast through central Stark 
County. No patterns are apparent in the northeast. where control is 
poor. 
As with the HT Butte Interval, coal and clay dominate the south-
west (Plate llE). Northwest-southeast linear trends are evident in the 
center of the study area. There is less coal and clay in the northeast, 
where patterns are not apparent. 
Coal conce.ntrations are spotty (Plate llF). Coal is not abun-
dant in western Dunn County and east of the anticlines. Coal usually 
occurs as a single bed (Plate llG). 
Other Lithologic Trends 
Most sands are fine to very fine; a medium sand is uncommon. 
The coarsest sands are noted in core descriptions for locations along 
the basin axis or slightly west of it. These occur at the base of the 
Sentinel Butte Formation. 
Limestones and limy elastics are more prevalent north and east 
of the axis than south and west. Figure 18 shows the distribution of 
these sediments for the undifferentiated Bullion Creek and Sentinel 
Butte Formations. Most are found in the uppermost Bullion Creek Forma-
tion. These sediments are mostly in discontinuous pods. During 
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Figure 18, Distribution of limestone and limy elastics in the study area. Most occur in the 
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closely-spaced coal developmental drilling, limestones or limy elastics 
are not encountered in every test hole. Cuttings in the field are found 
to be mostly carbonate-cemented silt or clay, but occasionally a dense, 
micritic limestone is observed. Discontinuous limestone pods in outcrop 
are described by Barclay (1972). 
Summary of Results 
1. Seven to 12 coals within the Bullion Creek and Sentinel 
Butte Formations can be correlated over the southwestern quarter of 
North Dakota; seven were correlated here. 
2. The HT Butte coal, a marker for the contact between the 
Bullion Creek and Sentinel Butte Fol"lllations southwest of the basin axis, 
fades to a carbonaceous clay in the northwest part of the study area, 
and to a clay, limestone or limy elastic in the northeast. 
3. The surfaces of the intervals generally conform to the 
modern structure of the basin, with approximately 380 m (1250 feet) of 
structural relief between the southwest and northeast ends of the study 
area. 
4~ During Bullion Creek time, sediment accumulation was great-
er in the south and southwest parts of the study area than elsewhere, 
The depocenter moved toward the northeast part of the study area during 
early Sentinel Butte time. During late Sentinel Butte time and after, 
the depocenter appears to have migrated northwest of the study area. 
5. Upper Bullion Creek intervals and included coals are fairly 
uniformly thick over the anticlinal structures in Billings County; 
Sentinel Butte intervals and coals thin over the structures. 
6. Clastic sediments fine upward within each interval and 
within formations, to the top of the Twin Buttes coal. 
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7. Linear sand belts align northwest-southeast parallel to the i 
axis of the basin through the center of the study area. 
8. Coal and clay are dominant lithologies southwest of the 
basin axis. 
9. Diffuse southwest-northeast-trending sandy belts occur 
north and east of the basin axis. 
10. Bullion Creek lithofacies patterns are stable, and Senti-
nel Butte lithofacies patterns are unstable, over the anticlines in 
Billings County. 
11. Clastic sediments coarser than fine sand are uncommon and 
coarser than medium sand are rare~ 
12. Limestone or limy elastics were deposited mostly northeast 
of the basin axis; these usually occur at or just below the top of the 
Bullion Creek Formation. 
DISCUSSION AND INTERPRETATION 
The Cross Sections 
Correlation of Intervals 
The cross sections show that it is possible to trace a coalt or: 
! 
zone of coals, over long distances. Although a coal may be a thick and: 
persistent marker over some parts of the area, it can usually be traced I 
into a group of thin coals at the top of a elastic section, or even to~ 
coal-free elastic section. A group of coals often reappears at the sit"i 
I 
beyond the coal-free section at the expected stratigraphic position. 
This pattern of correlation is consistent with a fluvial depositional 
model (Howell and ferm 1980). 
Each interval consists of a basal elastic section, often more 
than three-quarters of the interval's thickness, and a capping carbon-
aceous section. The cap is a thick coalt thin coal, group of thinner 
coals, or a carbonaceous clay. In places, the top of an interval is 
marked only by a clay or silt stratum underlying a sandy stratum. 
Rarely, the top of an interval must be interpreted to be within a thick 
sand stratum. 
Each mapped interval is assumed to represent the deposits of a 
regional fluvial system. The underlying major coal or equivalent stra-
tum represents the previous period of fluvial stability in the region. 
Then, either the drainage pattern for the region changed drastically, o1' 
sediment influx increased to disrupt the stability of the previous flu-
vial system. The sediment-influx explanation for the cyclicity of thes~ 
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sediments is inferred from the differences 1n sand petrology across the 
contact between the two formations (Royse 1970; Jacob 1975; Steiner 
1978). This model is assumed for the intervals examined here. 
For both formations, a linear, coal-poor elastic belt trends 
northwest-southeast across the area through Dickinson (X, on the Plates 
1-4), These belts occur at the position of or somewhat northeast of 
basin axis during Paleocene time, implying the axis exerted structural 
control on the fluvial system. Sediment accumulation would eventually 
exceed basin subsidence, and the fluvial system would become free of 
this structrual control. Flow would then be to the east and northeast, 
down the regional paleoslope, As a result, backswamp deposition domi 
nated southwest of the axis, and near-channel deposition was prevalent 
northeast of the axis. 
The elastic belt along the basin axis has been a barrier to 
regional correlation, The coals within the belt are many and thin and 
are not distinctly separated by thick underlying elastic units. 
The contact between the Bullion Creek and Sentinel Butte Forma-
tions is fairly easy to find by tracing the thick HT Butte coal south-
west of the axis, Northeast of the axis, Hemish (1975) and Groenewold 
and others (1979) traced the contact from outcrop exposures into the 
subsurface by color differences and stratigraphic positiona No thick 
and persistent coal was found at the contact. The correlations shown o 
Plates 1-4 relate the interpretations of Groenewold and others (1979) t 
the more traditional interpretations accepted for the area southwest of 
the elastic belt. 
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Structure 
The cross section C-C' (Plate 4) crosses the Billings and 
Fryburg anticlines. The HT Butte coal is rather uniformly thick over 
the crest of the anticline, implying the structure did not affect de-
' position of the coal. Deposition of the Sentinel Butte Formation inter' 
vals above the HT Butte coal, however, was influenced by the structure 
(Plate 2A). East of the Little Knife anticline (northwestern part of 
B-B', Plate 2A) is a small syncline adjacent to an anticline. The 
Sentinel Butte section is thicker in the syncline. The coals of the 
Sentinel Butte intervals merge and thicken in the syncline, thin over 
the crest of the adjacent anticline, and diverge on the other side. 
Some structure can be attributed entirely to differential com-
paction. Topographic high areas were produced over sand-rich sections; 
depressions were formed over coal- or clay-rich sections. A thick 
interval of sand tends to be overlain by a thin interval of fine clas-
tics or coal, and vice versa. This alternation of lithologies can be 
seen at sites G306-l, 2 and 3 (columns 6, 5 and 4, Plate lA). Structure 
of tectonic origin often obscures structure of co~paction origin. The 
alternation of coarse and fine lithologies at the same site, followed by 
differential compaction, results in a near-uniform thickness of deposit! 
when averaged over several cycles in vertical succession. 
The Bullion Creek Formation examined in this study does not 
thicken down present dip of the basin. For example, at site G306-3 
(column 4, Plate lA), the section from the top of the Hanson coal to the 
top of the HT Butte coal is about 105 m (350 feet) thick. Northeast 
along cross section A-A' (Plate lA or lB), at X, over 120 m (400 feet) 
down dip, the same interval is about 90 m (300 feet) thick. Southwest 
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of A', at IH-77-6WBW (column 10, Plate lB), the top is another 120 m 
(400 feet) lower, and the interval is about 75 m (250 feet) thick. 
Isopach maps for Bullion Creek Formation intervals (Plates 5B, 
6B and 7B) are consistent with this assessment. Sections are thicker in 
the south and west than in the north and east. 
The Sentinel Butte Formation, likewise, does not thicken signi-
ficantly with the modern dip of the basin. The section from the top of 
the HT Butte coal to the top of the Beulah-Zap coal is about 90 m (300 
feet) thick at the Bullion Butte site (column 5, Plate 3). At site 
IH-77-6WBW (column 10, Plate lB), 380 m (1250 feet) down dip, the same 
section is about 75 m (250 feet) thick. The isopach maps for the in-
tervals of the Sentinel Butte Formation, especially the upper intervals 
do show some overall thickening to the north. Thickening to the north 
is not as much af would be expected if sediments were deposited within 
modern structural trends of the basin. ~ikewise, the thickness of 
section in the southwest indicates a different overall basin structure 
at the time of its deposition. The thickness varies considerably near 
minor structures, such as those in Billings County. 
These thickness and structural trends indicate the Williston 
Basin had a different structural configuration during Bullion Creek i 
time. Southern and western parts of the area were subsiding faster thaj 
northern and eastern parts. The present basin structure had to have i 
formed after Bullion Creek time. Minor structures in Billings County 
were not actively rising during late Bullion Creek time. 
Subsidence pattern was similar during early Sentinel Butte time 
The thickness of sediments in the southwest is greater than would be 
predicted for deposition within the present basin structure. Lower 
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Sentinel Butte intervals do thicken slightly farther to the northeast, 
indicating the basin depocenter was migrating in that direction. 
Minor structures, such as anticlines in Billings County, were 
actively rising, thus affecting depositional environments. The anti-
clines probably did not rise fast enough to interrupt deposition on 
them. 
The modern structure of the basin evolved after deposition of 
the Twin Buttes coal. The southern edge of the basin rose, causing the 
depocenter to move north and west of Billings County. 
Depositional Environment Patterns 
Interpretation Methods 
Plates 5H-11H show the generalized dominant depositional envi-
ronment patterns for each interval. The patterns were interpreted from 
the lithologic maps. These are not paleogeographic maps, showing pos-
sible surface situations; they are paleoenvironmental maps, showing the 
dominant environments active when the sediments of the interval were 
deposited. 
Reineck and Singh (1973, p. 230) recognized three major groups 
of fluvial deposits: 
1. channel deposits 
2. bank deposits, including levee and crevasse-splay deposits 
3. floodbasin deposits, consisting mostly of fine elastics an 
organic depositst which accumulate under proper climatic conditions. 
Backswamps are a subenvironment of the floodbasin. 
If rivers are actively migrating laterally, bank deposits might 
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· h. h all overbank deposits are called not be differentiated, 1n w 1c case, 
"floodplain" (Reined and Singh 1973, P• 252) • 
Because sediment grain size decreases with distance from the 
channel (Reineck and Singh 1973, p. 251), patterns of grain size and 
coal distributions were used in this study to differentiate generalized 
environments. Areas with more than 601 sand in the interval were in-
terpreted to be dominated by near-channel environments ("C" on the 
maps). Areas with more than 60% coal+ clay were interpreted to be 
dominated by backswamp environments ("B" on the maps), All other areas 
are mapped as mixed environment ("M 0 on the maps). Figure 19 shows the 
positions of these environments within a fluvial system. 
The criteria are very conservative. Peat and clay compact much 
more than do sand and silt. An interval with 60% coal and clay must 
have been in a ba~kswamp environment for most of the time of deposition. 
The sand maps for these intervals show that sand was a minor constituent 
of the sediments. Therefore, any area with more than about 30% sand in 
the interval probably was within a channel environment for some time; 
one with 601 or more sand probably was dominated by the near-channel 
environment. 
The 60% standard was used to define channel-dominated areas 
("C't). The 30% standard was used to identify the nchannel zones II on the 
maps. A high proportion of silt in the interval also indicated near-
channel conditions. The channel zones, in turn, were used to interpret 
basin paleoslope and drainage patterns. 
The channel zone is a highly generalized concept. Its purpose 
is to show where channels or meander belt(s) may have existed during 
most of the time the sediments of an interval were being deposited. 
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Data sites are not close enough to differentiate even a wide meander 
belt. The channel zone is used in a less discriminating sense than 
meander belt; its boundaries are less defined. Channel zones and back-
swamp areas were used to show the generalized distributions of dominant 
environments. 
Garner Creek Interval 
Data points for the Garner Creek Interval (Plate 5H) are few and' 
mostly in the southern part of the area. A large backswamp area existed 
south of Medora. Other backswamp areas appear to be restricted to 
between channel zones. The far southwest had a large southeasterly-
trending channel zone; another channel zone trended northwest-southeast 
through the center of the area. Others may have trended southwest-
northeast. The <!ata points are too few to be confident of directional 
trends anywhere. 
Channel zones appear to be rare. The most competent and per-
sistent system appears to have been the one in the southwest. The 
channel zone in the northeast probably represents a migration of the 
fluvial system toward the east and the north. 
Meyer Interval 
A large backswamp area existed between what is now Dickinson anr 
Glen Ullin (Plate 6H). The area is divided by a channel zone trending , 
north-south. Smaller backswamp areas lie between channel zones in the 
west. Channel zones generally trend northwest-southeast in the south-
west. Elsewhere, they appear to trend slightly southwest-northeast, 
such as the broad channel zone south of what is now Killdeer. 
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The environmental patterns for the Meyer interval show an in-
distinct set of channels paralleling the basin axis. Channels tended tq 
occur atop former backswamp areas of the underlying Meyer Interval, in-
dicating a possible control on depositional environments by different-
ial compaction* 
HT Butte Interval 
The HT Butte interval had large areas of backswamp in western 
and southwest~rn parts of the area (Plate 7H). The results of surface 
studies in these areas were biased by good exposures in broad backswampl 
deposits. Plate 7H shows that interpretations from these studies cannof 
be applied generally. By extrapolation, the contact between the Bull iol' 
Creek and Sentinel Butte Formations in the northeast was expected to 
overlie a persistent coal or backswamp deposits4 This expectation in-
fluenced contact interpretations until recently (Groenewold and others 
1979). 
The pattern of channel zones is strongly trending northwest-
southeast, with easterly to northeastly trends note<! only in the far 
northeast part of the area (Mercer County). Structural control on the 
system by the subsiding basin axis was strong. As noted for the under-
lying Meyer lntervalt there is some compaction control on environments 
near Medora, south of Killdeer and west of Glen Ullin. Diversion of 
water and sediments, which were mostly fine elastics, was mostly to the 
northeast. Ponding of the excess water may have produced the limestonjs 
and limey elastics noted near the formational contact by Groenewold an 
others (1979). 
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Kinneman Creek Interval 
This interval is the first to reflect the influence of active 
minor structures on depositional environments. Backswamp areas formed 
on topographic highs over the anticlines in Billings County, Plate 8H 
shows possible diversion of the fluvial system around these structures. 
The anticlines in Billings County are not continuous with the Nessen 
Anticline (Gerhard and others, in press); the structures are separated 
by synclinal areas just north of the study area. The channel zone shoi 
in western Dunn County (Plate 8H) is probably the result of flow throug 
this gap. That channel zone persists at approximately the same locatio 
through Twin Buttes time. 
The overall pattern of environments is similar to that of underr 
lying intervals. In the northeast, flow was easterly to northeasterly.I 
Channel zones trend northwes t-.southeast in the southwest and through t+ 
center of the area. These probably represent the flow controlled by t~e 
subsidence of the basin axis. 
Logan (1981) examined 
near Underwood, North Dakota 
interpreted both fluvial and 
the elastic section above the Hagel coalj 
(northeast part of this study area) •. She 
extensive laeustrine depositional environ 
ments for that area. The interpretations of this study and hers are itj 
agreement. i 
The large channel zone in the southwest lies over the backswam1 
area of the underlying HT Butte Interval. Similarly, Kinneman Creek : 
backswamp areas tend to overlie the channel areas of the HT Butte lnte~-
val. This alternation of lithologies is seen in the cross sections, 
especially on Plate lA. 
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Beulah-Zap Interval 
The Beulah-Zap Interval is disproportionately thick because it 
could not be adequately divided in this study. As a result, the envi-
ronmental p~tterns are less well defined (Plate 9H). The interval is 
rich in sand and silt, as is seen on the maps for the interval. 
The trend of channel zones was distinctly northwest-southeast 
but more southerly than for underlying intervals. This may reflect 
influence of active north-south trending structures in Billings County. 
These structures may have kept river systems unstable until late in 
Beulah~Zap time. Few areas were dominated by backswamp environments. 
Several minor coals can be traced over much of the northeast; several 
minor depositional cycles are inferred for Beulah-Zap time. 
Schoolhouse Interval 
The Schoolhouse Interval environmental patterns (Plate lOH) 
resemble those of the HT Butte Interval; fluvial stability returned to 
the area. The west and southwest apparently were nearly all backswamp. 
The channel zones trend strongly northwest-southea$t. Most are east of 
the anticlinal structures in Billings County. Although data points are 
few in the northeast, the interval appears to have more coarse elastics 
(sand) there than backswamp deposits, as compared to the underlying 
intervals. 
Twin Buttes Interval 
The Twin Buttes Interval is the uppermost unit considered in 
this study. Although there are fewer data points available, the pattern 
of environments resembles that of underlying intervals (Plate llH). 
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The anticlines in Billings County appear to have been less of a 
barrier to system flow than during deposition of underlying intervals, 
The channel zones have the northwest-southeast trend, with possible 
northeasterly trends in the northeast. Major backswamp areas existed in 
the southwest. 
Structural Control on Fluvial Environments 
Paleoslopes and Sediment Sources 
The results of Canadian Studies (Jeletzky 1971; Stelck and 
Williams 1975) show the Cretaceous Sea may have•retreated to the north 
and east of the study area, implying a regional paleoslope in that 
direction. Flores (1981) and Ethridge and others (1981) interpret a 
north-flowing fluvial system during Paleocene and Eocene time for the 
Powder River Basin, southwest of the study area. Sources of sediment 
for that system were probably highlands, such as the Bighorn and Laramie 
Mountains, south and west of the Powder River Basin. 
Williston Basin Paleocene paleocurrent directions do not fully 
conform to the regional paleoslope pattern described above. Sediments 
appear to have entered the area mostly from the northwest, a direction 
with no convenient source areas* The Powder River Basin and the Cedar 
Creek Anticline are across the path from other obvious sources to the 
west and southwest. The Cedar Creek anticline was probably actively 
rising from late Cretaceous through at least part of the Paleocene 
(Clement 1982). Its effectivness as a barrier to sediments entering the 
Williston Basin was not examined in this study. 
It is proposed here that the Paleocene sediments deposited in 
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the Williston Basin were derived from the Powder River system. Episodic 
diversions of that system into the Williston Basin occurred at the 
northwestern end of the study area, where the basin axis passes between 
the north end of the Cedar Creek Anticline and the south end of the 
Nesson Anticline. Entry of sediments into the basin in this way created 
the apparent northwesterly source for sediments (Figure 20). The entry 
point is marked by a channel zone that existed for most of Sentinel 
Butte time northwest of what is now Billings County. It was less per-
sistent, or less definable in this study, during Bullion Creek time. 
The gap between the two anticlines need not have been the only 
entry point for sediments. Some may have passed over the Cedar Creek 
Anticline from the west. The bulk of sediments are assumed to have 
entered the area around the north end of the Cedar Creek Anticline. 
Cycl id ty of Sedimentati.on and Lithological Trends 
Cyclicity in Tertiary sediments in intermontane basins (Sand 
Wash Basin, Wyoming: Beaumont 1979) and foreland.basins (Canadian 
Rockies: HcLean and Jerzykiewicz 1977) has been related to variation 1n 
rate of sediment influx caused by episodic uplifts in the source area. 
This model is difficult to apply to the Williston Basin because there is 
no obvious direct association bet~een rising source areas and the basin. 
The apparent cyclicity of sedimentation examined in this study 
was probably initiated by episodic diversion of the Powder River fluvial 
system into the Williston Ilasin. Immediately after diversion, the sys-
tem flowed southeasterly along the trough created by the subsiding basin 
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Figure 20, The regional Paleocene geologic setting, showing the 
relationship of the Powder River Basin fluvia.l 
system and. regional structures to the Williston 
Ba.sin fluvial system. The flow sequence is 1) 
pre-diversion (black arrows), 2) initial flow, 
along the basin axis (large white arrows), and 
J) later flow down regional paleoslope (small 
white arrows), and return to 1), with flow 
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.Wtl.l.lSTON BASIN AXIS (P4-le.o) 
Figure 21. A generalized diagram of the Paleocene Williston Basin fluvial system 
soon after diversion into the basin, 
i::1 
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west-southeast-trending channel zones seen on Plates 5H through llH. As 
the basin filled with sediment, the base level of the fluvial system 
migrated northward from the southeast part of the basin, which was south 
of the study area. Simultaneously, the trunk of the fluvial system was 
forced to a more easterly trend, slowly conforming to the east-northeast 
regional paleoslope. Consequently, coal-forming environments developed 
earliest south and west of the axis, where thick, single-bed coals re-
sulted. Eventually, the trunk of the fluvial system flowed easterly to 
northeasterly across the northern part of the area (Figure 22). Because 
these later fluvial systems were not structurally controlled, as were 
the earlier ones in the basin axis, channel zone patterns in the north-
east show less definite linear trends. Their diffuse, almost distri-
butary patterns are seen on Plates 5H through llH. Coals deposited 
northeast of the axis tend to be thinner and grouped in multiple beds. 
At the end of the depositional cycle, the basin filled with 
sediments to the level at the point of entry of the diversion. The 
northerly flow of the Powder River system resumed, and little or no 
sediments entered the area. Coal-forming environments and lakes dom-
inated the area during this final phase. Distribution of these envi-
ronments was probably controlled by the subsiding basin axis and minor 
structural activity. Fine and limy elastics and capping coals mark the 
end of the cycle. The basin axis continued to subside, either uniformly 
or episodically, creating an area below the Powder River system base 
level, preparing the way for the next diversion into the area. 
This pattern occurred at least 5 times during Bullion Creek 
time. The basin axis probably plunged southeast, opposite its present 
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fairly strong. Sediment accumulation was greater in the south than the 
north during Bullion Creek time. 
At the beginning of Sentinel Butte time, incoming sediments were 
coarser and different in composition. A renewal of the source area is 
assumed. These changes coincide with the beginning of structural 
changes within the Williston Basin. The anticlines in Billings County 
began rising, and the basin depocenter began moving northeast. This 
movement may imply the southern end of the basin, well south of the 
study area, was rising. If so, the initial phase of the cycle described 
above was shortened, causing the northerly-migrating base level to reach 
the south end of the area sooner. The northwest-southeast lineation 
trends are distinct for the Sentinel Butte intervals examined in this 
study, although the movement of the depocenter toward the northeast im-
plies a reduction.of the southerly plunge of the basin axis. 
After Twin Buttes time, the sediments again became coarse. The 
depocenter migrated to the north and west of the study area. The basin 
axis reversed its direction of plunge to the northwest as the southern 
end of the basin rose. No longer existing were the unique conditions 
for interaction of structures with fluvial syitems to produce the cy-
clical deposition of coal-bearing sediments. 
Early Tertiary Geologic History 
The Cretaceous Sea withdrew from the study area, signalling a 
change from mostly marine to mostly norunarine deposition. The Fox Hills 
and Hell Creek Formations were deposited in transitional marine environ-
ments. A sea returned during earliest Paleocene. Its marine deposits, 
the Cannonball Formation, interfingered with the nonmarine Ludlow Forma-
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77 
tion (!.!!!.!.':'. .!.!!2.) in the southwest, but were dominant in the northeast. 
As the Cannonball Sea withdrew to the south, east and perhaps north, the 
transition to wholly nonmarine deposition was completed. 
The regional relationships among these deposits are not well 
understood. Each formation has been well-studied in outcrop, but little 
subsurface work has been done within the basin. As a result, their 
depositional environments can be individually described, and to some 
extent, related to each other over the few areas of good outcrop expo-
sure. Their relationships to the tectonic and sedimentary history of 
the Williston Basin as a whole, however, are inadequately understood. 
What subsurface study has been done shows that overall patterns of depo-
sition seen in this study may have existed since the withdrawal of the 
Cretaceous Sea (Butler 1981). 
During Slope time, the basin began a pattern of sedimentation 
that persisted to the Eocene. Deposition was esentially continuous, 
except perhaps for the time of the weathering zone at the top of the 
Slope Formation. !he Slope Formation is not well understood outside its 
outcrop area. 
!he lowes.t Bullion Creek depositional cycles, marked by the 
Harmon and Hanson coals, have lithologic distributions resembling those 
found for the overlying intervals (Rehbein 1977). Channels deposited 
linear sand belts trending northwest-southeast and broad backswamp 
areas, with thick accumulations of peat, formed in the southwest. 
During Garner Creek time, fluvial systems entered the area from 
the west and followed the basin axis to the southeast. Coal and clay, 
with lesser amounts of silt, were the important constituents of incoming 
sediments. Backswamps were scattered over the study area, but were 
78 
dominant in the southwest, 
During Meyer time, the incoming sediments were mostly fine elas-
tics. Peat formation was prevalent. The river systems flowed south-
east and east. Backswamp areas were more scattered than during the pre-
ceding Garner Creek time. Channel zones, confined to linear belts in 
the southwest, tended to overlie the backswamp deposits of earlier 
Garner Creek time. 
During HT Butte time, a network of channels deposited sand in 
the northeast. Widespread backswamp areas formed in the southwest and 
west, accumulating the thick coals and clays now found at top of the 
Bullion Creek Formation. The basin depocenter began migrating to the 
northeast, possibly implying uplift in the southern end of the basin. 
In the northeast, freshwater limestones and limy fine elastics were 
deposited, perhap,s due to low sediment influx at the end of Bullion 
Creek time. 
During Bullion Creek time, the basin depocenter was located in 
the southwestern part of the area, slightly west of the present basin 
axis. Depositional environments were not significantly influenced by 
minor structures in the area. Sediments entering the area were in-
creasingly finer near the end of Bullion Creek time. 
Sentinel Butte time began with Kinneman Creek deposition, The 
basin began to subside more rapidly in the north and east, accumulating 
fine to medium sand there. The river systems flowed east-southeasterly, 
like during HT Butte time, but the northeast-trending patterns are more 
prevalent. Backswamps formed over much of the area. Extensive peat 
accumulations, especially in the northeast, resulted in the Hagel coal. 
A second influx of sediments preceded the development of backswamps that 
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formed the Kinneman Creek Coal. Rising structures in the northwest 
(Billings County) were beginning to influence drainage and depositional 
environment patterns. 
During Beulah-Zap time, the area was again flooded with elas-
tics. Clastics accumulated mostly northeast of the axis and east of the 
Billings County anticlines. These rising anticlines diverted channels 
to the north and south; the influence of the basin axis on drainage pat-
terns was diminished, At least three episodes of sediment influx oc-
curred, each followed by a period of relative stability during which 
peats of the minor coals accumulated. A broad backswamp finally devel-
oped, accumulating the peat that became the Beulah-Zap coal. 
Some stability returned to the area during Schoolhouse time. 
Channels were confined to narrow belts trending northwest-southeast, 
parallel the basin axis. Large ar~as of backswamp developed southwest 
of the axis. The distributary pattern northeast of the axis is less 
prevalent. 
Twin Buttes time was similar to that of Schoolhouse time. Ri-
vers deposited fine elastics in the northeast; backswamp environments 
dominated the southwest. Structures in the northwest were still rising, 
but they had a much diminished influence on fluvial drainage pattern• 
and depositional environments. 
Schoolhouse and Twin Buttes times resemble latest Bullion Creek 
time. Incoming elastics were fine and were deposited mostly in channel 
environments northeast of the axis; backswamp areas extended southwest 
of the axis. Thick peat accumulations occurred in the southwest, but 
these were probably not as great as during HT Butte time. 
During Sentinel Butte time, the basin depocenter moved north and 
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east. By Twin Buttes time, it had begun moving north and west. These 
movements imply major structural changes in the basin. 
After Twin Buttes time, the overall structure of the Williston 
Basin changed to its present configuration. The axis of the Williston 
Basin moved eastward some 50 km (30 miles) to become the modern Lemmon 
Syncline. The southwest end of the study area rose relative to the 
northeast, producing structural relief of more than 380 m (1250 feet). 
Changes at the southern end of the basin may have been related to the 
rise of the Black Hills. The depocenter moved northwest of the study 
area to its present postion. 
Another accumulation of elastics, mostly sand, followed the Twin 
Buttes time. The Harnisch coal, deposited in late Sentinel Butte time, 
marks a tentative return to stability in the area. Too few data points 
were available to map adequately the Harnisch Interval in this study. 
However, it appears to have been deposited within the modern basin 
structural configuration. 
After Harnisch time, some elastics and thin coals were depos-
ited, but their distributions have not been studied. During the Eocene, 
the climate again temporarily favored accumulation of peat, but little 
coal was formed. The persistent cyclical depositional environments of 
the Paleocene had come to an end. 
81 
Role of Climate 
Thick and persistent coals are found throughout the Bullion 
Creek and into the uppermost Sentinel Butte Formations. A climate fav-
orable for the development of swamps and the preservation of organic 
matter can be inferred for the entire time. The elastic-coal couplet 
occurs at least 10 times in the Bullion Creek and Sentinel Butte Forma-
tions. The cyclicity is easier to explain with episodic sedimentolog-
ic and tectonic processes than with alternation of climates favorable 
and unfavorable for peat accumulation. 
Coals deposited in latest Sentinel Butte time are fewer and 
thinner than those deposited during Bullion Creek time. The decrease in 
coal formation after Twin Buttes time can probably be best explained by 
basin instability. The latest Paleocene and earliest Eocene climates 
did become cooler and drier. This change may have made the conditions 
for peat production and preservation less favorable. 
Economic lfflplications 
The structures in Billings County are being explored for oil, A 
successful petroleum exploration strategy requires knowing the timing of 
structural movement for the formation of traps. This study shows these 
structures were relatively inactive during Bullion Creek time, but were 
active during Sentinel Butte time and perhaps later. The southeast bend 
of the south end of the Little Knife anticline is weakly apparent from 
subsurface study (Lefever 1981). That bend is seen in cross section 
B-B' (Column 9, Plate 2A), A more detailed structural study of near-
surface data could be economically rewarding. 










surface mining varies widely over southwest North Dakota. Coals are 
generally thicker and in fewer beds southwest of the axis than north-
east. Total coal, however, may be greater northeast of the axis, but it 
tends to occur in multiple beds, which are more difficult to mine. Most 
of the Sentinel Butte Formation is eroded from the area southwest of the 
axis. Gone with it are the potentially vast coal resources it may have 
held. 
The interpretations explain why there are few and thick coals in 
the Bullion Creek Formation, especially in the southwestern part of 
North Dakota. These few thick coals are more impressive than the many 
thin coals in the Sentinel Butte Formation in the northeast. 
The potential for successful reclamation of strip-mined land can 
be better understood in light of these interpretations. The overburden 
of a major coal is the basal elastic sediments of the overlying inter-
val. Sandy overburden is easier to reclaim than a clay-rich one. The 
coarseness of elastics deposited is mostly controlled by local deposi-
tional environments, the distribution of which is explained here. An-
other factor is the character of the sediments available for deposition 
within the interval. Some intervals received mostly fine elastics, 
others mostly coarse. For example, the overburden of the Kinneman Creek 
coal is often rich in sand; the overburden of Beulah-Zap coal has a 
greater probability of being clay-rich. If the distributions of envi-
ronments were known in greater detail than shown in this study, the 









1. Seven to 12 coals within the Bullion Creek and Sentinel 
Butte Formations can be correlated over the southwestern quarter of 
North Dakota; seven were correlated in this study. 
2. The HT Butte coal, a marker for the contact between the 
Bullion Creek and Sentinel Butte Formations southwest of the basin axis, 
fades to a carbonaceous clay in the northwest part of the study area, 
and to a clay, limestone or limy elastic in the northeast. 
3. The surfaces of the intervals generally conform to the 
modern structure of the basin, with approximately 380 m (1250 feet) of 
structural relief between the southwest and northeast ends of the study 
area. 
4. During early to middle Paleocene time, sediment accumu-
lation was greater in the south and southwest parts of the study area 
than elsewhere. During later Paleocene, accumulation was slightly 
greater in the northern and northeastern parts of the study area. 
5. Upper Bullion Creek intervals and their coals are fairly 
uniformly thick over the anticlinal structures in Billings County; 
Sentinel Butte intervals and coals thin over the structures. 
6. Clastic sediments fine upward within each interval and 
within formations, to the top of the Twin Buttes coal. 
7. Linear sand belts align northwest-southeast parallel to the 
axis of the basin through the center of the study area. 




9. Diffuse southwest-northeast-trending sandy belts occur 
north and east of the basin axis. 
10. Bullion Creek lithofaeies patterns are stable, and Senti-
nel Butte lithofaeies patterns are unstable, over the anticlines in 
Billings County. 
11. Clastic sediments coarser than fine sand are uncommon and 
coarser than medium sand are rare. 
12. Limestone or limy elastics were deposited mostly northeast 
of the basin axis; these usually occur just below or above the top of 
the Bullion Creek Formation. 
13. The source of Paleocene sediments for the study area was a 
diversion of the Powder River Basin fluvial system around the north end 
of the Cedar Creek anticline, which also acted as a moderately-effective 
barrier to transport of sediment from the west. 
14. Each mapped interval, consisting of basal elastics and 
capping coals or fine elastics is a sedimentation unit; the basal elas-
tics represent near-channel deposits as the fluvial system migrated over 
the area; the capping coals or fine elastics represent a peri.od of base-
level stability, often with widespread backswamps. 
15. The northwest-southeast linear sandy belts represent de-
position by a fluvial system controlled by the subsiding basin axis; the 
southwest-northeast diffuse distributary sandy belts represent deposi-
tion by a fluvial system that was being forced northward by the 
advancing base level. 
16. Linear environmental patterns existed in the southwest, 
where the basin axis directed the fluvial system southeast. 
17. Diffuse environmental patterns existed northeast of the 
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basin axis, where the fluvial system changed from southeasterly to 
northeasterly flow late in the deposition of the interval, 
18, The Williston Basin was elongated to the south during 
Paleocene time. The basin axis probably plunged southeast. Basin 
depoeenter moved from the southwest end of the study area in Bullion 
Creek time, to the northeast end during early Sentinel Butte time, and 
northwest of the study area after late Sentinel Butte time. 
19, The southern end of the study area rose about 380 m (1250 
feet) relative to the northeast end sometime after Twin Buttes time 
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